Toxicosis due to blue-green algae (cyanobacteria) species affects a wide variety of animals, including cattle, horses, sheep, pigs, birds (domestic and wild), dogs, and fish. 3,4,10 A toxic bloom usually occurs during periods of warm sunny weather, which is conducive to the rapid growth of algae (referred to as a waterbloom). The hazard of poisoning becomes greatest when a steady wind concentrates the waterbloom near a shore to which animals have ready access.' In this report, the first documented case of algal toxicosis occurring in the state of Michigan is described, and a standard diagnostic protocol is outlined. The case reported was unusual because the weather conditions were not typical for the occurrence of a toxic algal bloom.
not possible, to move the fence back from the edge of the pond. Brains from the first 2 dead animals and whole blood from the third heifer were analyzed for cholinesterase activity, using a modification of the Ellman calorimetric assay. Cholinesterase activities were within normal ranges for all 3 animals. No potentially toxic plants, seeds, or pieces of metal were found when rumen contents from the 2 dead animals were washed through a series of sieves. Commonly assayed minerals were within normal ranges for cattle in kidneys when analyzed by inductively coupled argon plasma emission spectroscopy a (ICP). 6 Three of a group of 30 yearling Holstein replacement heifers died suddenly over a 24-hour period in mid-October in central Michigan. Two animals were found dead, and the third animal was weak, recumbent, and anorectic. The 2 dead animals were necropsied by the referring veterinarian. Gross lesions were limited to scattered epicardial and endocardial hemorrhages. The third animal was examined at that time. Blood samples were obtained, and supportive therapy was initiated following examination. That third animal died early the next day. A fourth heifer was found clinically ill on that same day. A heavy algal bloom was present in a pond adjacent to the pasture that contained the heifers, and several heifers had algal staining on their muzzles. Ambient temperatures during the die-off ranged from highs in the mid-50s F (-37 C) to lows in the low 30s F (-0 C), with partly to mostly cloudy skies and scattered showers and snow flurries.
Samples of liver, kidney, and heart from each of the animals were fixed in formalin. The livers of both animals had diffuse centrilobular to submassive hepatocellular degeneration and necrosis, with marked centrilobular sinusoidal congestion and dilatation. These lesions were consistent with previous reports for naturally occurring blue-green algae hepatotoxicoses. 1,2 A water sample from the farm pond adjacent to the heifers' pasture was examined. The water contained large numbers of nonfilamentous, granular clumps of algae. These organisms were positively identified as 95% Microcystis aeruginosa, with low numbers of Scenedesmus, Chlamydomonas, and Phacus spp.
Samples from the 2 dead heifers were submitted to the Animal Health Diagnostic Laboratory, Michigan State University. The history of exposure to algae, sudden deaths, and lack of gross lesions were suggestive of an algal toxicosis. Based on the presumptive diagnosis, a recommendation was made to move the animals to another pasture or, if that was Received for publication Januarv 25. 1993.
To rapidly confirm suspicions of blue-green algal hepatotoxins, a bioassay using 12-week-old male BALB/c mice was performed. 1, 2, 8 Water samples were frozen and thawed to rupture algae and then centrifuged at 9,500 x g for 10 minutes. The supernatant was harvested, and 1.0 ml was injected intraperitoneally (ip) into 5 mice. Two mice received 1.0 ml saline ip to serve as controls. Within 50 minutes, all 5 test mice were dead, whereas the 2 control mice appeared normal. Grossly, test mice had diffusely swollen and congested livers, which weighed an average of 2.5 g. The control mice livers were grossly normal in size and color, and the average weight was 1.65 g. The average liver weights of the test mice were 51% larger than those of the controls. Microscopically, the test mice livers had submassive hepatocellular necrosis, with individualization of hepatocytes and marked centrilobular congestion (Fig. 1B) . The lesions were similar to those previously described in mice parenterally dosed with microcystin-LR. 8 The livers from the control mice were morphologically normal (Fig. 1A) . Samples of water containing algae were submitted to 2 different research laboratories for hepatotoxin analysis. One laboratory (Wright State University, Dayton, OH), using a recently developed enzyme-linked immunosorbent assay (ELISA), 5 determined the total microcystin concentration in cell-free water and cell material (expressed on a wet weight basis) to be 24 and 7,000 ppm, respectively. The second laboratory (University of Illinois, Urbana) identified microcystin-LR, several analogues of microcystin-LR, and microcystin-RR in the algal bloom sample. Microcystin-LR comprised approximately 70% of the total microcystin present. The techniques used for toxin identification included high performance liquid chromatography, thin layer chromatography, and fast atom bombardment mass spectrometry. 3 The acute onset of illness, rapid mortality, and lack of gross lesions reported here are all typical of blue-green algae hepatotoxicosis. The microscopic hepatic lesions, in both the naturally affected cattle and the experimentally inoculated mice, are also characteristic for this group of hepatotoxins. Recent studies have shown the pathogenesis of these hepatic lesions to be due to alterations in the hepatocellular actin filaments. 7, 9 The weather conditions were somewhat unusual in this case because cool temperatures and limited amounts of sunshine would not generally result in formation of a toxic algae bloom. 1 However, the cool temperatures and low sunlight levels may have triggered an algae die-off, thus releasing more toxins into the surrounding water. This case suggests that blue-green algae toxicosis should be included in the differ-ential diagnosis even in areas where it has not been previously reported and during periods when weather conditions are not optimal for algae growth.
The diagnostic workup on this case resulted in a rapid confirmation of the water-borne nature of the toxicant and followed previously established protoco1s. 1, 2 In addition, the cholinesterase and ICP mineral analyses ruled out a large number of potential toxicants from the differential diagnosis list. Although only a relatively few laboratories in North America are able to perform definitive microcystin quantitative analysis, the recently developed ELISA test can be performed on very small samples using relatively common and inexpensive laboratory equipment.
Fumonisins, a class of mycotoxins produced by Fusarium moniliforme 1,2 were present at toxic levels in samples of 1991 corn from some parts of Indiana. Consequently, the Animal Disease Diagnostic Laboratory (ADDL) at Purdue University did extensive testing for fumonisins B 1 and B 2 from September 1991 through March 1992. During this time, 5 cases of equine leucoencephalomalacia (ELEM) were diagnosed at necropsy at the ADDL and over 30 cases were diagnosed by veterinary practitioners in the state. Recent studies have shown that toxic levels of fumonisins are responsible for ELEM in equines 4, 5 and pulmonary edema in swine. 3 Corn and feed samples that were suspected of being contaminated were tested for the presence of fumonisins.
solutions. Solution A was acetonitrile : 0.1 M sodium phosphate buffer (40:60), and solution B was acetonitrile: buffer (60:40). The column used was a 5-µm C 18 column, 15 cm x 4.5 mm. The gradient delivery started at 100% solution A and progressed linearly to 100% B over 5 minutes, remaining at 100% solution B for 7 minutes. The flow rate was 1.5 ml/minute for the entire 12 minutes. The fumonisins were detected with a Shimadzu RF 535 variable wavelength fluorescence detector, 6 using an excitation wavelength of 335 nm and an emission wavelength of 440 nm.
The method was adapted from a previously described procedure. 6 Ten grams of ground corn or feed were extracted with 50 ml of acetonitrile: water (50:50). A 2-ml aliquot of the filtered extract was diluted to 8 ml with water. A Waters Cl 8 cartridge a was rinsed with 2 ml of acetonitrile and then 2 ml of water. The 8-ml sample was pushed through the cartridge with a syringe, and the eluate was discarded. The cartridge was then washed with water. The fumonisins were eluted off the cartridge with 2 ml of acetonitrile : water (70: 30), and the eluate was saved for analysis.
One hundred microliters of eluate were mixed with 100 µ1 of borate buffer (0.1 M, pH [8] [9] . Then 100 µ1 of o-phthaldehyde solution (0.1 mg/ml in acetonitrile with 5% betamercaptoethanol) were added and allowed to react for 10 minutes. Two hundred microliters of 0.01 M boric acid were then added, and the sample was injected into the high-pressure liquid chromatography (HPLC). HPLC conditions consisted of a gradient solvent system using 2 mobile phase The toxicology laboratory at the ADDL analyzed a total of 291 corn or feed samples for the presence of fumonisins. Of the 291 samples, 113 were from the 1991 preharvest corn ear rot/mycotoxin survey conducted by the Botany and Plant Pathology Department. The samples obtained were not ran-The chromatogram (Fig. 1) shows the retention times of fumonisins B 1 and B 2 . The amount of fumonisin B 2 was dom samples but were suspected of being contaminated for consistently 30-50% of fumonisin B 1 . some reason. Approximately 13% (13.4%) of the samples were negative for fumonisins (<0.1 ppm for corn, < 0.5 ppm for feeds) ( Table 1 ). About two thirds (67%) of the samples contained < 5 ppm (considered safe to feed horses). Almost
